Subunits of oncornavirus (avian myeloblastosis virus) RNA were isolated from purified 60-70S viral RNA by heat dissociation. Molecules sedimenting at 35 S, assumed to be the major component of the viral genotne, were visualized in the electron microscope and their lengths were statistically analyzed. The results indicate a rather heterogeneous population of molecules with five distinct, reproducible size groups, an observation that excludes the assumption of random degradation of the genome.
In addition, molecules of 28 and iSS RNA, always present in oncornavirus RNA preparations, were examined with the same method. Some of these molecules possess secondarystructure regions similar to those characteristic for ribosomal RNA.
Most of the oncornaviruses have a genome of single-stranded RNA which sediments between 60 and 70 S (1, 2) . This RNA can be dissociated by heat or by dimethylsulfoxide into subunits sedimenting at lower speed. The complexity of the high-molecular-weight genome is reflected in the appearance, after dissociation, of a number of subunits each having a distinct sedimentation coefficient. Low-molecular-weight virus-associated RNAs sediment between 4 and 8 S; the high-molecular-weight viral subunits sediment around 35 S and are described as corresponding in size to molecular weights of about 3 X 106 (3) (4) (5) (6) . Moreover, a wide range of molecules of intermediate sizes can usually be detected after complete disruption of hydrogen bonds linking together the genome (7) (8) (9) (10) (11) . The latter molecules are thought to be degradation products due either to shearing during preparation of the nucleic acids or in the virions per se.
In addition to the RNA representing the viral genome, other RNAs of lesser weight are known to be associated with the virions and can be isolated by standard procedures from the viral preparations. These RNAs are mainly represented by two peaks, about 18 and 28 S, and it has been suggested that they are, at least in part, of cellular origin, possibly incorporated as a ribosomal component into the virions during their maturation by budding at the cellular membranes (6, 12, 13) .
The purpose of this study is 2-fold. First, we have undertaken a statistical analysis of all molecules present in a given preparation of heat-treated high-molecular-weight viral RNA to help resolve the question of whether the appearance of the large number of subunits of intermediate size is due to random cleavage or to a specific process resulting in a number of smaller molecules of well-defined size.
Second, we are presenting evidence that a certain number of virus-associated RNA molecules, especially those found in the 28S region, are similar in appearance to cellular ribosomal RNA as characterized by secondary structures visible within each molecule when studied in the electron microscope. In both viral and cellular preparations, these molecules are of similar configuration.
MATERIALS AND METHODS Virus. Avian myeloblastosis virus BAI strain A (AMV) was obtained from Dr. J. W. Beard, Life Sciences, Inc., St. Petersburg, Fla. The virus was isolated from plasma of infected birds.
Preparation of RNA. Fresh AMV was partially purified by differential centrifugation and the viral RNA was extracted directly from the frozen pellet using a phenol-sodiurn dodecyl sulfate medium modified from that described earlier (14 spread by the urea-formamide method (16) ing fraction is obtained with a peak between 30 and 40 S (Fig. IB) . Electron microscope examination of individual molecules contained in the peak fraction (Fig. 2) reveals a large number of molecules of different lengths ranging between 0.3 ,um and 3.0 gm (Fig. 3) . The longest molecules, those between 2.2 and 3.0 gim, correspond to subunits of about 35 S and have a molecular weight of about 2.7 X 106. The histogram (Fig. 3) is representative of the length of all subunits measured in a given sample of the 30-40S fraction pooled as indicated in Fig. 1B . This histogram and two others representing the lengths of molecules in the 30-40S fraction (see Table 1 ) display several modes, or peaks. These samples are all moderately large, consisting of 797, 849, and 1163 observations, respectively, and one would expect smoother histograms if the samples were drawn from unimodal (mound-shaped) populations. If we assume that the molecules measured in these experiments were the products of random degradation of the 35S subunits, then probability theory suggests that the resulting distributions would resemble log-normal distributions, i.e., that the logarithms of the molecule lengths would be approximately normally distributed (20) . The log-normal is a unimodal distribution, and the usual chi-squared goodnessof-fit test indicates that it is extremely unlikely that the observed samples could have been obtained from log-normal distributions. (12) deviation (6) Proportion (,) weighta x 10-6 (Fig. 4) .
It is of interest to note that in our experiments secondary structures could not be observed in the stretched RNA molecules which represent the viral genome. The configuration of 18S and 28S virus-associated RNA RNA from peak fractions representing the 18S and 28S RNA regions (Fig. 1A) isolated during fractionation of the total viral RNA from AMV has also been subjected to spreading and the resulting individual molecules have been studied in the electron microscope. As illustrated in Fig. 5A , RNA molecules representing the 18S fraction are of linear configuration and do not contain characteristic secondary structures under these experimental conditions. On the other hand, a large number of molecules present in the 28S fraction (Fig.  5B ) exhibit secondary structures which are similar to those described as being characteristic for 28S ribosomal RNA (Fig. 5C ). The 28S ribosomal RNA molecules contain two highly reproducible secondary-structure regions, one consisting of a pair of neighboring hairpin loops, the other a collection of branched loops near the 3'-end (16) . Both structures are easily recognizable in molecules of the 28S RNA preparations obtained from total viral RNA.
DISCUSSION
Recently, the configuration of the highly complex genome of different oncogenic RNA viruses has been studied in a number of laboratories. Visualization of the RNA genome in the electron microscope has verified the existence of a distinct subunit, a linear single-stranded molecule, which sediments between 30 and 40 S, corresponding to a molecular weight of 2.0 to 3.5 X 106 (7, 8, 10, (21) (22) (23) . Its existence was previously proposed based on biochemical data obtained after heat-or dimethylsulfoxide-dissociation of the highmolecular-weight RNA complex (3) (4) (5) . Morphological evidence has also been presented in at least one case that, without doubt, two of these subunit molecules constitute the viral genome (22) . But, in all preparations studied thus far, regardless of the time chosen for harvesting the virus (i.e., 5 min, 3 hr, 12 hr) or plasma-virus, a surprisingly large number of molecules of different sizes-all of them smaller than the 30-40S subunits, which have a length of about 2.8 ,um, corresponding to 36 S-have been recognized. They range in length from 0.3-2.0,um, representing molecular weights between 0.5 X 105 (16 S) and 2.0 X 106 (30 S). These molecules represent fractions of the viral genome and may be the result of degradation, especially since the presence of nucleases inside the virions is well known (24) (25) (26) . Nevertheless, our statistical analysis suggests that the molecules fall into five distinct reproducible size groups, an observation that excludes the assumption of random degradation.
The particular assumptions made in this analysis that the mixture consists of five components, each of them normally distributed, are somewhat arbitrary. Other distribution types, such as the log-normal, and a different number of components might be appropriate. But than it would be practicable to obtain would be necessary to provide a firm indication of the precise nature of the distribution. The present results should be interpreted as indicating that the existence of a mixture of distributions is compatible with the observed results, and is a more reasonable assumption than that of a single unimodal distribution such as would be expected to result from a process of random degradation.
The existence of these subgroups of different sizes may be explained in several ways. A desirable proposal would be to assume that they reflect the true nature of the viral genome. Due to intramolecular forces, certain stretches of the molecules may bind to their complements and thus form regions that would be less accessible to enzyme digestion. Doublestrandedness of the viral genome due to helicity within the subunits is known to be high (27) . Cleavage could preferentially take place at single-stranded exposed regions and produce molecules of distinct length. An acceptable alternative would be the assumption that proteins binding to the viral nucleic acids to form the nucleoproteins may protect and stabilize the genome only in certain areas, since it is not necessary that the proteins be distributed evenly along the mol-ecules. Unprotected stretches at certain intervals would make the molecule accessible to cleavage.
It is interesting to note that RNA stored at -70°for extended periods of time shows additional signs of disruption. These include almost total elimination of the longest subunits with a corresponding increase in the number of smallest subunits. This phenomenon occurred whether RNA was stored at a high concentration (200 .g/ml) or a low concentration (5 ,ug/ml) and suggests that it is a result of the inherent nature of the RNA preparation.
A number of molecules found in the 28S RNA isolated from total RNA have characteristic secondary structures similar to those of HeLa (16) and guinea pig 28S ribosomal RNA (our own observations). Recent studies have indicated the presence of specific, ribosome-like particles in the virions (28) . The origin of the 28S RNA found in our viral preparations is unknown, and it remains to be seen if this 28S RNA represents a component of the specific viral ribosomes or if it is derived from cellular ribosomes trapped inside the virions.
Also present in an analysis of total viral RNA is an 18S fraction which, similarly to 18S cellular ribosomal RNA, has no characteristic secondary structure (16) . As with the 28S RNA, its origin is uncertain. 
